Background: Collaborative care management (CCM) has been shown to have superior outcomes to usual care (UC) for depressed patients with a fixed end point. This study was a survival analysis over time comparing CCM with UC using remission (9-item Patient Health Questionnaire [PHQ-9] score <5) and persistent depressive symptoms (PDSs; PHQ-9 score >10) as end points.
1
Depressive symptoms occur in up to 20% of primary care patients. 2 Depression leads to disrupted interpersonal relationships, substance abuse, lost work time, and suicide. 3 Quality of life in depressed patients is inversely related to the severity of depressive symptoms but can be improved with treatment. [3] [4] [5] Thus, depression can be made less burdensome by speeding up the time to remission of depressive symptoms using better treatments. Treatment for patients with major depressive disorder has recently centered around a collaborative care management (CCM) model. 6 -8 Compared with usual care (UC), CCM has demonstrated greater likelihood of clinical remission in primary care practices, decreased evidence of persistent depressive symptoms, decreased likelihood of short-term recurrence, and improved workplace outcomes. 9 -14 Several studies using the 9-item Patient Health Questionnaire (PHQ-9) demonstrated responses to CCM occur as early as 6 to 12 weeks. [15] [16] [17] Retrospective studies of data collected in our clinical registry using logistic regression techniques have demonstrated the effectiveness of CCM over UC in terms of remission, persistent depressive symptoms (PDSs), short-term recurrence, and prolonged treatment at 6-and 12-month fixed intervals. 18, 19 However, the above-referenced studies evaluated depression at baseline and then at fixed end points. This type of analysis is akin to determining how many runners cross the finish line of a marathon by 5 hours. While they are useful data about the group's overall performance, what matters to each individual runner is how quickly he or she finish the race. Similarly, for an individual patient struggling with work and relationships because of major depression, the outcome that matters to them is how quickly they will recover and whether CCM will speed up their recovery. Because survival analysis utilizes time data, it is better suited to answering this question in the setting of chronic diseases (such as major depression) than logistic regression techniques. 20 Relatively few publications have used survival analysis techniques to assess and compare clinical improvement following a diagnosis of major depression or dysthymia. McLeod et al 21 used survival analysis to determine the speed of recovery from major depression in a small sample of married patients. Unutzer et al 22 plotted Kaplan-Meyer curves comparing the time to improvement of depressive symptoms before and after implementation of a pay-for-performance incentive program. Another study used a Cox proportional hazards model to assess whether substance abuse treatment referral improved the response to depression treatment. 23 Vemer et al 24 created a survival model to predict return to work in patients with major depression.
In this study we use survival analysis to compare the rate at which patients improve when treated for depression by either CCM or UC, thus providing more information than previous studies with fixed follow-up intervals about the performance of CCM compared with UC. In addition, survival analysis makes use of all the available data, even for patients who are lost to follow-up or fail to complete treatment. 25 The hypothesis is that, after controlling for baseline demographic characteristics and depression severity, enrollment in CCM results in a faster rate of remission and shorter duration of PDSs when compared with UC. 18, 19 Briefly, the components of the CCM model in clinical practice include an electronic depression registry, specially trained registered nurses as care managers, use of clinical guidelines for care management, and an integrated behavioral health team consisting of psychologists, social workers, and clinical nurse specialists with a supervising psychiatrist. Decisions regarding treatment with prescription medications, outside referrals for counseling, and physician follow-up visits remained with the PCP. The integrated behavioral health team supported the PCP with case review, treatment recommendations, and brief counseling, while the care managers provided ongoing contact with the patients via telephone calls and office visits.
Methods

Environment
PCPs were encouraged to discuss the CCM program with their eligible patients at the time of initial diagnosis. The care managers were available to do an in-person "warm hand-off," during which they would explain the program and its components to patients both verbally and with printed literature. There was no additional cost to patients to participate in CCM. Patients were encouraged to review the literature and were free to enroll, decline, or defer decision making to a follow-up telephone call.
As of June 30, 2013, our depression registry had records of 7340 unique primary care patients with at least 1 episode of depression and Ͼ50,000 separate PHQ-9 scores. Patients who may have had a relapse during the study time frame only had data from the initial episode included.
Study Design
This study is a retrospective cohort study regarding a CCM process started in March 2008. We utilized an existing registry to identify depressed patients who were eligible for CCM from March 2008 through June 2013 at clinical sites that had fully implemented the CCM process. Only patients with a signed authorization allowing review of their medical records for research purposes were included in the study. The study was reviewed and approved by our institutional review board.
Baseline data including CCM enrollment status, date of eligibility for CCM, age at eligibility, sex, marital status (married or not), race (white or not), clinical site, initial ICD-9 diagnosis code, and initial PHQ-9 score were recorded. In addition, all follow-up PHQ-9 scores through June 2013 were collected for each subject. The number of additional follow up PHQ-9 scores was variable for each patient and was influenced by initial depression severity, individual treatment plans, provider recommendations, and patient compliance. In general, they were obtained at all office visits and during triage telephone calls for both CCM and UC patients, with additional PHQ-9 assessments performed approximately monthly by the care managers for CCM patients. Under intention-totreat assumptions, those who initially enrolled in CCM remained in that group, even if they later withdrew (n ϭ 481; 13.5%). Remission of depressive symptoms was defined as a PHQ-9 score Ͻ5. Likewise, PDSs were defined as a PHQ-9 score Ն10.
Data Analysis
All independent variables were summarized by group (CCM vs UC). For categorical data, a 2 test was used to assess differences between groups; P Ͻ .05 considered statistically significant. Likewise, a Wilcoxon rank sum test was used to assess group differences for the numeric variables.
A Kaplan-Meyer survival curve was graphed to illustrate differences in time to remission between those enrolled in CCM and those receiving UC. The time to remission was defined as the number of days that elapsed between a given patient's eligibility for CCM (regardless of whether they choose to engage in CCM) and their first subsequent PHQ-9 score Ͻ5. The median time to remission was calculated with 95% confidence intervals (CIs). In addition, the null hypothesis that the 2 remission curves were the same was compared statistically using a 2 test, with P Ͻ .05 considered significant.
To adjust for expected differences between the subjects choosing CCM versus those choosing UC, a Cox proportional hazards model was also used to analyze the data (R version 3.0.2). Covariates, selected based on prior work, 10, 12, 18 include age, sex, marital status, race, depression diagnosis, the initial PHQ-9 score, and the treatment variable of enrollment in CCM. Two Cox models were used, 1 with a dependent variable of remission and the other with a dependent variable of PDSs. P values Ͻ .05 were considered statistically significant, and 95% CIs were calculated for each hazard ratio (HR). An HR Ͼ1 indicates the association of a covariate with faster remission of depressive symptoms.
Results
In all, 7340 eligible subjects in the registry were analyzed; of these, 3586 (48.9%) initially enrolled in CCM. There were small but statistically significant differences in the demographics of subjects choosing CCM versus those choosing UC (Table  1) . Patients choosing CCM were slightly younger (mean, 41.1 vs 42.5 years; P ϭ .008) and more likely to be female (73.1% vs 67.9%; P Ͻ .001), married (52.7% vs 50.0%; P ϭ .022), and white (93.3% vs 89.9%; P Ͻ .001). The initial PHQ-9 scores were slightly higher among CCM patients (mean, 15.6 vs 15.1; P Ͻ .001), with more PHQ-9 scores obtained (median, 2 vs 5; P Ͻ .001) and fewer dysthymia diagnoses (8.2% vs 19.2%; P Ͻ .001). Figure 1 shows the Kaplan-Meier style time-toremission curve for CCM versus UC during the first 18 months of follow-up. There were significant differences in time to remission between the groups (P Ͻ .001). The median time to remission in the CCM group was 86 days (95% CI, 81-91 days) versus 614 days (95% CI, 565-692 days) in the UC group. Similarly, Figure 2 shows a significant dif- To further investigate the time to remission and adjust for the known differences between groups, a Cox proportional hazard model was used (Table 2) . CCM patients were 2.5 times more likely to experience remission sooner (HR, 2.48; 95% CI, 2.31-2.65) when compared with UC patients. Patients Ն65 years old were more likely to experience remission sooner than younger patients (HR of 1.43 among those aged 65 to 79 years and 1.29 among those aged Ն80 years). Likewise, married patients were more likely to experience remission sooner (HR, 1.18) than unmarried patients. Sex and race made no difference. As expected, those with a diagnosis of recurrent depression were less likely to experience remission sooner (HR, 0.87) than those with initial depression, but those with dysthymia showed no difference. Higher initial PHQ-9 scores were less likely to achieve sooner remission (moderately severe: HR, 0.80; severe: HR, 0.71). The clinical site also made a difference: 2 of the 3 satellite clinics were more likely to show remission sooner.
Discussion
Results from our study demonstrate that, consistent with our hypothesis, patients enrolled in CCM have a faster rate of remission and shorter duration of PDSs than patients treated with UC. In fact, patients enrolled in CCM are 2.5 times more likely to experience remission sooner than patients treated with UC. Their median time to remission was 86 days. Thus, 50% of patients treated with CCM are expected to achieve remission within 3 months, suggesting that this may be a good time to reevaluate the clinical efficacy of treatment plans among individual patients.
One possible explanation for the differences between CCM and UC might be related to challenges surrounding the escalation of care when the patient is not responding to initial treatment. Compared with CCM, in UC, patients may need to initiate contact with their health care providers to get ad- Usual Care Collaborative Care Management ditional attention. Hesitation by the patient, anhedonia associated with depression, and barriers to accessing care, such as having to take time off work for visits, may delay improvement. With CCM, the concept of rapid escalation of treatment is built into the model via regular scheduled contact with care managers and periodic case review by a supervising psychiatrist. Thus slow responders in CCM are less likely to go unnoticed for long periods of time. While other studies have confirmed the superiority of CCM at specific follow-up intervals, such as 6 or 12 months, 16, 18, 19 our study is unique in showing its effectiveness over time using survival analysis techniques. This methodology has the advantage of using all the available data, even for patients who are lost to follow-up or fail to complete treatment. 25 Because our time series data are much more granular, we are able to show divergence within the first month of treatment with the Kaplan-Meier curves in Figures 1 and 2 .
Patients care about how quickly they recover from depression. The existing logistic regression models studying recovery from depression neglect valuable time-dependent information about the speed of recovery. Because of this shortcoming, logistic regression analysis is dependent on the length of the follow-up period chosen. For chronic diseases such as depression, it only approximates the survival model for short follow-up periods and rare disease incidence. 20 Therefore, we suggest that future studies of differing CCM models within PCMHs should use survival analysis techniques as an adjunct to other methodologies. Based on our results showing rapid improvement, simply showing superiority to UC or to an existing CCM at a single follow-up point in time is insufficient information to fully compare care models.
CCM for depression embodies many of the principals advocated for the PCMH, such as physician-directed medical care, care coordination, and enhanced access. 26 However, as Friedberg et al 27 recently point out, the PCMH has failed to deliver on overall utilization or cost reduction, perhaps because it is an "expensive technology" that is not well suited for widespread implementation in a nontargeted manner. 28 Thus the focus has shifted to applying PCMH innovations to targeted populations. As our study shows, CCM can be applied to a targeted population with good results.
Limitations
A major limitation of our study is its nonrandomized, retrospective nature. We cannot entirely eliminate bias because of self-selection into CCM. Since CCM has previously been shown to be superior to UC at 6 months, 18, 19 it could be considered unethical to randomize patients to an inferior treatment for a disease that carries significant morbidity and mortality. Thus we were left to analyze the differences between treatments chosen freely by patients and their physicians. We attempted to control for known confounding covariates using our Cox proportional hazard model, but unknown confounders could be affecting a patient's choice of CCM versus UC. In addition, CCM patients had more PHQ-9 scores recorded than UC patients, leading to greater granularity of data. This could give a false impression of faster remission simply because the PHQ-9 was sampled sooner. However, if greater granularity were the only factor, we would expect the Kaplan-Meyer curves to eventually converge. This is clearly not the case over the 18-month follow-up time frame shown, nor does it happen when we examined longer follow-up time frames. A prospective study using the same regular interval of PHQ-9 screening for both CCM and UC would eliminate this source of bias. However, by establishing the contact necessary to obtain the PHQ-9 scores at regular intervals, such a prospective study would fundamentally alter what is considered UC, making any conclusions suspect. In any case, the number of PHQ-9 scores we collected was similar to the number found in a large comparative effectiveness study conducted by Valuck et al. 29 Our study was performed at a large multisite primary care practice using a unified CCM model. Further study is necessary to determine whether smaller practice settings and more heterogeneous populations also demonstrate faster resolution of depressive symptoms with CCM. Finally, we selected the PHQ-9 score as our end point; thus this study does not assess other possible patient-oriented outcomes such as quality of life, return to work, healthcare utilization, suicide attempts, or medication usage. Further study is needed to determine whether faster remission via CCM is associated with improved healthcare utilization and overall cost.
